We examined the relative abundance of various components in the coarse fraction (> 150 µm) from a selected portion of the DSDP Site 480 piston core. The components consist mainly of diatoms, radiolarians, benthic and planktonic foraminifers with minor amounts of sponge spicules, terrigenous material, volcanic glass(?), dehydrated gypsum crystals, and spines of unknown biological origin. The examination shows that the siliceous organisms abound in the laminated sediments and that the calcareous organisms are more abundant in the nonlaminated sediments. Seasonal upwelling is responsible for the deposition of laminated sediments. The upwelling creates a strong oxygen-minimum zone, restricting the occurrence of burrowing benthic organisms and benthic foraminifers.
INTRODUCTION
Hydraulic piston coring recovered a nearly continuous, 152-meter sediment section from the Guaymas Basin in the central Gulf of California (Fig. 1 ). Site 480 is in a highly productive area (Zeitzschel, 1969) , where a strong oxygen-minimum layer in the water column impinges on the slopes of the seafloor (Calvert, 1966) . The lack of oxygen eliminates the burrowing benthic endofauna and thus preserves the laminae formed by seasonal upwelling during the dry season and preserves terrigenous material during the wet season (Byrne and Emery, 1960) . Down-core, the laminated sections are separated by nonlaminated zones, probably caused by increased oxygen in the water. The oxygen increase allows the establishment of a benthic community of organisms whose burrowing destroys the laminations (Schrader et al., 1980) . This chapter examines the relative abundance of various components in the sediment coarse fraction greater than 150 µm. Trends in the abundance of coarse-fraction components can then be used to examine ecological changes. We are concerned with an 8.6-meter section of Hole 480 from a depth of 7.8 meters to 16.4 meters. The section represents approximately 12,000 years-assuming that one pair of laminae indicates one year and that each pair of laminae averages about 0.7 mm in thickness (Schrader et al., 1980) . The sampling interval of 10 cm allows us to examine large-scale ecological changes occurring over hundreds of years. Changes occurring on this scale are primarily due to world-wide climatic fluctuations rather than local or regional short-term changes. We chose this section for preliminary study because it has sections of laminated and nonlaminated sediments.
METHODS
Surface scrapings from Hole 480 were taken at 10-cm intervals over the length of the core. Each 10-cm interval was represented by a Curray, J. R., Moore. D. G., et al., Init. Repts. DSDP, 64 : Washington (U.S. Govt. Printing Office).
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igure 1. DSDP Site 480. Depth contours are in fathoms (1 fathom = 1.83 m).
composite sample weighed before and after drying. We then prepared the samples for diatom analysis by boiling them in H 2 O 2 and sodium pyrophosphate to remove the organic matter and disperse the clay-size material. We sieved the samples through a 150 µm mesh to obtain the coarse fraction. The remainder of the material was processed for diatom analysis (Schrader and Gersonde, 1978) , and the coarse fraction was dried and placed in microscopical counting slides. Counts of radiolarians, benthic foraminifers, and planktonic foraminifers were made and multiplied by a factor (1 g/sample wt.) standardizing the data to one-gram dry sample.
MICROFOSSIL DISTRIBUTION
The vertical distribution of microfossils in the interval from 780 cm to 1640 cm is shown in Figure 2 . This figure should be used only for recognizing general trends in the distribution of the microfossils. The scale is logarithmic and too small for accurately plotting and reading the actual fossil counts. The original data (Table 1) should be consulted for more specific information.
The first column shows the distribution of laminated and nonlaminated sections as well as a gap in the stratigraphic column. We do not know whether this gap represents a missing section or if it was caused by a separa- tion of the core material during the coring process. The lack of data in the interval from 1020 to 1030 cm was caused by an anomalously low sample weight, which in turn provided a very high standardizing factor. This yielded obviously erroneous counts, so we excluded this sample. No data are available for the 1210 to 1220-cm sample. The relative abundance of diatoms is shown in the second column of Figure 2 . The diatoms were not counted individually, but we made visual estimations of their abundance compared to the other fossils. Figure 2 shows that diatoms are generally in greater abundance than all other microfossils in laminated sections and in lesser abundance in nonlaminated sections. Most of the diatoms consist of species of Coscinodiscus (not Coscinodiscus nodulifer) in laminated and nonlaminated sediments. Occasional blooms of Thalassiothrix longissima occur in the laminated sections, for example, in the 1000-to 1010-cm interval.
Radiolarians are common in every sample and show a distribution pattern similar to that of the diatoms. Radiolarians, in general, are much more abundant in laminated sections. Their average abundance in the nonlaminated zones is 400 to 500 per gram of dry sample. In the laminated sections, they average 1000 to 2000 per gram. It was not obvious that any change in predominant species occurred or that there was any change in the nassellarian/spurnellarian ratio when we compared the laminated and nonlaminated sections-this based on a cursory visual examination. A closer inspection might reveal differences.
Benthic foraminifers show a distribution pattern opposite to that of diatoms and radiolarians. In laminated sections, they average under 200 per gram of dry sam- Table 1 . Counts and ratios of microfossils for each 10-cm depth increment from Cores 3 and 4, DSDP Hole 480. The ratio of radiolarians to radiolarians + planktonic foraminifers is shown in Figure 2 . Except for the 1220-1230-and the 1430-1450-cm intervals, the highest ratios occur in the laminated zones. Diester-Haass (1977) suggests that this ratio can be correlated to productivity in surface waters: The higher ratios reflect high productivity. Our study agrees: We found the highest ratios in sediments reflecting seasonal upwelling.
The last column of Figure 2 shows the ratio of benthic foraminifers to total foraminifers. In the upper half of the stratigraphic section, benthic foraminifers are more abundant than planktonic foraminifers; in the lower half, the planktonic foraminifers are more numerous.
Minor components of the coarse fraction consist of small numbers of sponge spicules, terrigenous material (quartz and mica), volcanic glass(?), dehydrated gypsum, and spines of unknown biological origin. These spines are about 1 mm in length and taper from a blunt to a pointed end. The width of the blunt end averages about 0.1 mm. They are flat and have no internal canal or structure. The spines are clear, and a test with HC1 confirmed their calcium carbonate composition. Their occurrence is restricted to the interval from 890 to 910 cm, where they compose about 20% of the sample. The volcanic glass(?) consists of a sphere and a tear-dropshaped fragment of translucent, amber-colored material in the 1030 to 1040-cm sample. The dehydrated gypsum (bassanite) is variously abundant from 1171 cm to the base of the section. It does not occur in the upper, nonlaminated zone, or in any of the laminated sections. This mineral occurs in single and twinned crystals whose composition we determined by X-ray analysis. These crystals formed within the sediment column as indicated by the incorporation of diatom frustules and other fossils into the crystal form.
CONCLUSIONS
The trends in the relative abundance of the microfossils (Fig. 2) lie in the ecological differences that accumulate and preserve laminated sediments. The laminated sediments accumulate under conditions such as those prevailing in the Gulf. The seasonal wind patterns cause upwelling that, in turn, provides nutrients for large diatom blooms (van Andel, 1964) . These high productivity conditions (Zeitzschel, 1978) provide nutrients for other planktonic organisms, such as radiolarians and planktonic foraminifers, to flourish. Under these conditions, the diatoms and radiolarians accumulate in large numbers. Decaying organic matter descends, increasing the carbon dioxide in the water column and creating a strong oxygen-minimum zone. The increased CO 2 creates water that aggressively dissolves the calcium carbonate (Berger, 1976) . Thus, the effects of dissolution fluctuate with the overlying productivity. As productivity increases, the lysocline becomes shallower and planktonic foraminifers dissolve more readily. The same occurs in the benthic boundary layer and in the interstitial waters. But as dissolution occurs, the water becomes increasingly saturated with calcium carbonate, thus decreasing the dissolution effects. Because the oxygenminimum zone impinges on the sea floor, the number of benthic foraminifers in the laminated sections is small. A few species apparently adapted and survived in low oxygen environments, but their numbers and diversity are low. They are also masked by the large accumulation of siliceous organisms. The benthic foraminifers are probably not dissolved because they are rapidly buried and because the interstitial waters are less aggressive than the water column in dissolving calcium carbonate-particularly in the low-oxygen conditions where the interstitial waters are not exchanged with the bottom waters by burrowing organisms (Berger and Soutar, 1970) .
The nonlaminated sediments accumulate under considerably different conditions. Diatom production is lower, and with this low primary productivity comes lower production of other planktonic organisms. There are fewer radiolarians in these sections. Benthic and planktonic foraminifers are very abundant because of the increased oxygen content of the water and decreased dissolution effects. Their increase is also facilitated by the lack of masking or of dilution by siliceous organisms.
The peaks in abundance of radiolarians, benthic foraminifers, and planktonic foraminifers in general seem to correspond to one another (particularly in the lower half of the section), suggesting that the environmental conditions causing the fluctuations affect the bottom waters as well as the surface waters. The most probable cause of the fluctuations is changing climatic conditions that alter the upwelling pattern (= lower primary productivity and lower nutrient levels), temperature, and sea level. All probably contribute to the fluctuating abundance of the organisms. The peaks of abundance are probably a response to periodic increases in primary productivity. If these conditions persist long enough, the anoxic environment is established; as a result, foraminiferal preservation declines and laminated sediments accumulate.
The transition from laminated to nonlaminated and from nonlaminated to laminated sediments indicates some difference in timing between the changes in numbers of organisms and the sedimentological changes. In moving up the section, the first transition is from nonlaminated to laminated. At about 1200 cm the benthic foraminiferal population increases dramatically. Planktonic foraminifers and radiolarians also increase near this point. These increases might be a response to renewed upwelling conditions that allowed the foraminifers to flourish until the oxygen-minimum zone was reestablished and dissolution effects increased.
In changing from a laminated to a nonlaminated sequence (about 945 cm), the organisms respond well before the laminae cease to accumulate. The sedimentological changes lag behind the biological changes, probably because it takes a significant period of time before a benthic community is sufficiently established to destroy the seasonal laminations. Based on the contacts of the upper, nonlaminated section, it appears that it takes approximately twice as long to establish the benthic foraminiferal community as it does to remove it. Each 10-cm interval represents about 150 years in the laminated sections and somewhat less in the nonlaminated. It took approximately 400 to 500 years for the benthic foraminifers to reach their peak and only 100 to 200 years for their numbers to decline the same amount. Another explanation is that some sediments were originally deposited as laminae but were later bioturbated. This occurs near the transition from a laminated to a nonlaminated sequence. X-radiographs of the sediment show that thin sections of nonlaminated sediments are occasionally found within the laminated zones.
A significant change in the benthic/planktonic foraminiferal ratio occurs near the middle of the section. In the lower half, the planktonic foraminifers are more abundant, and in the upper half, the benthonic foraminifers are more numerous. This change corresponds to the previously mentioned changes occurring at about 1200 cm. The change in the ratio is caused by the availability of increased nutrient for the benthic community. Prior to the establishment of upwelling conditions, the primary productivity was low, and less organic matter and nutrients were available to the bottom-dwelling fauna. After primary productivity is increased, nutrient availability is no longer limiting, and perhaps the controlling factor becomes a greater fecundity in the benthic foraminifers.
The major nonlaminated zones represent glacial periods that caused major fluctuations in climate and sea level. Although a detailed, chronological framework has not been established for the core, it appears that the nonlaminated section of the lower half of Figure 2 represents conditions during the last glaciation. Thus, the Pleistocene/Holocene boundary occurs somewhere near the midsection. The idea that nonlaminated sections might represent cooler climatic periods or glacial intervals is reinforced by the presence of colder-water diatom floras in these sediments rather than in the laminated sections.
